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I  ABSTRACT 

I 

i 

The  published  literature  on  the  thermal  conductivity  of  I^rex 
glass  has  been  assembled  and  the  results  critically  evaluated.  Best 
values  of  thermal  conductivity  as  a  function  of  temperature  have  been 
selected.  These  are  presented  in  both  graphical  and  tabular  form; 
they  cover  the  range  50  to  85O®  K.  An  attempt  was  made  to  consult 
all  work  that  could  significantly  affect  the  choice  of  best  values. 
Published  papers  were  located  with  the  aid  of  Chemical  Abstracts, 
Physics  Abstracts,  the  Thermophy slca 1  Properties  Retrieval  Guide, 
and  some  other  general  sources.  In  addition,  relevant  references 
in  the  papers  themselves  were  followed  up  until  a  substantially 
•’closed  system”  had  been  generated,  as  shown  by  the  fact  that  no 
new  references  vere  being  turned  up. 
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Introduction 


lyrex  glass  has  sonetines  been  used  as  a  standard  material  for  the 
calibiation  or  checking  of  thermal-conductivil^  appeuratuses^  and  a 
knowledge  of  its  conductivity  is  often  required  for  the  making  of  cor¬ 
rections.  I^rex  is  a  trade-mark  name  of  the  Coming  Glass  Works,  and 
is  not  necessarily  limited  to  glass  of  a  single  composition.  Bowever, 
them  is  strong  indication  that  "Fyrex  chemical  resistant  glass.  Code 
No.  77^"  is  the  glass  that  has  been  xised  by  mai^  Investigators.  In 
recent  years  "Code  No.  77^0"  has  been  adopted  as  the  preferred  desig¬ 
nation  for  the  same  glass. 

The  British  glass  sold  under  the  trade-mark  name  "Phoenix"  is 
stated  by  the  manufacturer  (24)  to  be  near  in  composition  to  I^rex. 
Thermal  conductivities  of  Phoenix  glass  have  been  included  in  the 
survey  and  in  the  graphs,  because  of  the  lack  of  data  on  Fyrex  at  low 
temperatiues.  All  data  referring  to  Phoenix  glass  are  so  identified. 

Morey  (25)  gives  for  the  composition  of  Code  Ho.  774,  in  weight 
percent:  SiQ2,  80.5j  B^3>  12.9j  NagO,  3»8;  K^,  0.4;  AlgOs,  2.2. 

Other  investigators  give  compositions  that  do  not  differ  greatly  from 
this  coo^sition.  For  example,  the  ^gOs  content  quoted  by  3  different 
Investigators  ranged  from  11 .50  to  12.9*  Small  differences  in  com- 
pOBltion  are  not  expected  to  affect  the  thermal  conductivi'^  appre¬ 
ciably,  except  possibly  when  an  Impurity  is  present  that  affects  the 
transmission  of  radiant  energy. 

For  the  density  of  x^rex,  the  value  found  by  Stephens  (4)  is 
probably  as  reliable  as  any.  &  found  by  direct  measurement, 

P  «  2.233  g  cm  ^  at  21  C.  Five  other  values  from  the  references 
quoted  in  this  report  range  from  2.22  to  2.234. 

Selection  of  the  Values 

The  data  were  evaluated  by  graphical  methods .  Deviation  plots 
were  used,  in  which  an  equation  represents  the  data  a]^?roximately  and 
departures  from  the  equation  are  plotted;  it  was  ultimately  decided 
that  the  scattering  of  the  data  was  so  great  that  deviation  plots  were 
unnecessary,  and  simple  graphs  of  thermal  conductivity  versus  tempera¬ 
ture  were  used.  The  original  data  of  sane  investigators  were  given 
only  in  graiMcal  form.  In  such  cases  the  abscissa  and  ordinate  of 


each  plotted  point  were  read  from  the  graph  and  recorded  for  subsequent 
use. 

Tbe  selected  relation  between  thermal  conductivity  and  tenperature 
is  shown  by  tbe  master  curve  in  Fig.  1.  Table  1.1  represents  this 
master  curve;  it  was  obtained  by  reading  values  at  tmiform  intervals 
from  a  large-scale  version  of  the  figure.  The  values  were  differenced 
and  when  necesseury  smoothed^  but  the  table  and  tbe  curve  were  kept  con¬ 
sistent.  The  data  from  references  (l)  to  (lO)  are  shown  in  Fig.  1. 

These  are  considered  tbe  more  Inqortant  papers.  References  (u)  to 
(19)  contidn  data  not  plotted  in  the  figure;  often  they  contained  only 
a  single  k-value.  In  one  case  the  data  had  not  been  released  for  pub¬ 
lication. 

Tbe  greatest  weight  has  been  given  to  tbe  data  in  the  first  three 
references  listed.  Birch  and  Clark  (l)  made  absolute  measurements 
with  a  guarded  hot-plate.  Lucks^  et  al.  (2)  made  measurements  relative 
to  an  Armco-l3X>n  standard,  with  the  same  heat  flow  in  both  tbe  steuodard 
and  the  iyrex.  Challoner,  Gundry,  and  Powell  (^)  made  absolute  measure¬ 
ments  with  radial  heat  flow  in  a  saiiq^le  in  the  form  of  a  tube. 

The  data  of  Stephens  (U)  appear  to  be  low,  but  their  precision  is 

o 

high  and  they  brldge^tbe  gap  between  about  90  K  and  room  temperature . 

Tbe  value  of  k  at  25  C  accepted  by  Stephens  appears  to  contain  a  trans¬ 
position.  We  have  corrected  this  by  using  the  value  O.OCS55  instead 
of  tbe  published  value  0.00255  •  This  makes  tbe  data  of  Stephens  self- 
consistent.  A  further  increase  in  this  reference  value  would  raise 
all  of  Stephens*  values  proportionally.  Plunaner,  Campbell,  tuad 
Comstock  (6)  measured  thermal  diffusivities,  and  used  accepted  values 
of  specific  beat  and  density  to  calculate  thermal  conductivity. 

Their  values  are  the  lowest  reported  in  the  major  investigations. 

The  only  values  below  90°K  are  those  of  Berman  (t)  and  of 
Wilkinson  emd  Wilks  (8).  In  both  investigations  the  glass  was  Phoenix 
rather  than  Fyxex,  The  data  of  Knapp  (9),  and  of  Smoke,  Wisely,  Ruh, 
lUyn,  and  Eichbaum  (lO)  are  high.  Knapp  (26)  states  that  later  work 
has  indicated  that  his  results  are  in  error. 

Table  1.2  is  identical  with  Table  1.1  ai^  with  the  master  curve 
in  Fig.  1  except  for  t}ie  change  in  units.  Linear  interpolation  in  a 
table  will  introduce  no  appreciable  error  when  the  second  differences 
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do  not  exceed  k.  When  second  differences  exceed  4,  higher-oider  in¬ 
terpolation  mE^  be  desizable  to  preserve  the  intenml  consistency  of 
values  taken  fxm  liie  tables.  The  error  introduced  by  linear  inter¬ 
polation  in  Tables  1.1  and  1.2  will  always  be  small  compared  to  the 
'  uncertainty  already  present  in  the  values  themselves.  When  values 
outside  the  range  of  the  ibles  are  desired^  they  should  be  read  di¬ 
rectly  from  tile  master  ctoves. 

Belie  -uLty  of  the  Tables 

The  master  curve  and  the  corresponding  tabulated  values  of  k  are 
believed  to  be  correct  within  ±  7  percent  near  room  temperature. 

Where  the  data  are  more  scarce  or  the  measurements  are  more  difficult, 
the  uncertainty  is  greater;  it  may  reach  15  percent  at  the  t®per  limit 
of  the  data. 

There  is  some  evidence  that  radiative  heat  transfer  becomes  sig¬ 
nificant  in  lyrex  at  temperatures  above  about  700  K  (l260  B).  ]^ch 
and  Clark  concluded  -ttiat  radiation  would  be  negligible  below  573  K. 

An  upper  limit  for  the  error  in  k  that  would  be  caused  by  radiative 
heat  transfer  may  be  obtained  by  assuming  the  Byrex  to  be  perfectly 
transparent  aid  the  hot  and  cold  plates  to  radiate  and  absorb  as 
black  bodies.  Then,  for  a  sanple  1  cm  thick,  the  ap{«rent  conduc¬ 
tivity  at  300  K  would  he  6  percent  greater  than  the  true  conductivi-ty. 
At  500  K  the  difference  would  be  25  percent;  and  at  700  53  percent. 

These  are  upper  limits,  and  the  actual  errors  catised  by  lumping 
radiative  beat  transfer  with  conduction  are  probably  much  less.  In  a 
very  IMck  sample  the  effect  of  radiative  transfer  could  of  course 
exceed  the  limits  given  above,  becattse  the  difference  between  the  ap¬ 
parent  and  the  true  conductivity  is  proportional  to  the  thickness  of 
the  sample. 

The  estimated  unoertainty  of  ±  7  percent  near  room  temperature 
could  be  reduced  to  4  or  5  percent  except  for  the  possibility  that 
lyrex  glass  may  vary  from  saa^le  to  sample  in  a  way  not  fully  under¬ 
stood.  Lucks  (13)  has  recently  measured  a  different  sample  of  lyrex 
in  the  same  apparatus  that  was  used  in  reference  (2).  The  thermal 
conductivities  found  in  ttie  recent  measurements,  which  extended  from 
323°  to  423°K,  are  about  6  percent  lower  than  those  plotted  in  Fig.  1, 
which  are  taken  from  reference  (2).  The  transmittance s  of  the  two 
sanpJles  were  measured,  and  foiand  to  be  different  in  the  wavelength 
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Tiblfi  1.  Tb&xwal  coiaductlvlty  of  Pyrex  glaas 
(Val«58  Ijeloir  100*K  are  'based,  almost  entirely  on  data  for  Phoenix  glass.) 


Table  1.1 


T 

k 

B 

•K 

cal  cm 

•K  cm^  sec 

50 

0.00059 

75 

100 

.00134 

51 

150 

.00185 

39 

200 

.00224 

30 

250 

.00254 

22 

300 

.00276 

17 

350 

.00293 

15 

400 

,0050& 

13 

450 

.0(921 

12 

500 

.0(933 

11 

550 

.00344 

12 

600 

.00356 

13 

650 

.003^ 

15 

700 

.0(984 

18 

750 

.00402 

21 

800 

.00423 

28 

850 

.00451 

100 

200 

500 

Uoo 

500 

600 

700 

800 

900 

1000 

1100 

1200 

1500 

lUOO 

1500 


Table  1.2 


*R  Btu  In. 
•R  ft^  hr 


1.92 
U.27 
5.78 

6.92 
7.75 
8.35 
8.85 
9.28 
9.67 

10.0 

10.j> 

10.8 

11.4 

12.0 

12.8 
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region  of  3  microns.  The  difference  was  of  the  proper  sign  to  account 
for  the  difference  in  k,  but  the  observed  discrepancy  of  6  percent 
seems  rather  large  to  be  accounted  for  by  any  difference  in  transmit¬ 
tance. 

In  contrast  to  the  experience  of  Lucks  is  that  of  Bullard  and 
Niblett  (ll)j  vho  sent  one  of  their  measured  samples  of  i^rex  to  Birch. 
Eiey  report  that  Birch  found  "no  perceptible  difference"  between  the 
thermal  conductivity  of  this  sanple  and  tiiat  of  his  own  saaple  of 
I^rex. 

Data  for  Conversion  of  Ifaits 

T(*B)  =  T(*K)  X  1.8 
T(*K)  =t(*C)  +  273-15 

t(*b)  =t(*p)  +459.67 


watt  cm 


cal  cm 
"K  cm  sec 


X 


4.1840 


Btu  3j« 
•R  ft^  hr 


cm 

cm  sec 


X  2902.9 


Btu  ft 
•R  ft^  hr 


cal  cm 
*K  cm^  sec 


X  241.91 
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